SPIN VALVE MAGNETORESISTIVE SENSOR. - - 
SEYAMA ET AL. 

Greer, Burns t Crain, Ltd. 

kRef- No. 3531.65364 

Vheet 1 of 35 (312) 360 0080 




F I G. 1 



10 




1 1 ' 

3 2 

i I 

I FIG. 2 

O 

CAP LAYER 

ANTIFERROMAGNETIC LAYER 

PINNED LAYER 
INTERMEDIATE LAYER 

FREE LAYER 
UNDER LAYER 



28- 

26 

24- 

22- 
20- 

18- 
16- 



Ta 5 



PdPtMn 1 5 



CoFeB 2.5 



Cu 2.8 



CoFeB 2 



NiFe2 



Ta 5 



SPIN VALVE MAGNETORESISTIVE SENSOR. . . 
SEYAMA BT AL. 

Greer, Burns fc Crain, Ltd. 
ef. No. 3531. 65364 

leet 2 of 35 (312) 360 0080 




F I G. 3 



ijnj 
Jin 
fU 



f if 



28 



26- 

32- 
30- 
24- 

22- 
20- 

18- 
16- 



Ta 5 



PdPtMn 1 5 



CoFeB 1 .5 

CoFeB 2.5 
Cu 2.8 
CoFeB 2 
NiFe 2 



Ta 5 



IRu 0.8: 



CAP LAYER 

ANT I F ERROMAGNE TIC LAYER 

LAMINATED FERRI PINNED LAYER 

INTERMEDIATE LAYER 
FREE LAYER 

UNDER LAYER 




SPIN VALVE MAGNETORESISTIVE SENSOR- . - 
SEYAMA ET AL . 

Greer, Burns & Crain, Ltd. 
Ref. No. 3531. 65364 

Sheet 3 of. 35 (312) 360 0080 




F I G. 4 



Ta 5 



PdPtMn 1 5 



CoFeB 4 



CoFeB 5 



Cu 5 



CoFeB 2-12 



NiFe2 



Ta 5 



IRu 0.8: 



CAP LAYER 



ANT I FERROMAGNE TIC LAYER 



LAMINATED FERRI PINNED LAYER 



INTERMEDIATE LAYER 



FREE LAYER 



UNDER LAYER 



SPIN VALVE MAGNETO RESISTIVE SENSOR. - . 
SEYAMA ET AL - 

Greer, Bums 6 Crain, Ltd. 
Jlef. No. 3531. 65364 

l6 et 4 of 35 (312) 360 0080 




F I G. 5 



Ta 5 



PdPtMn 1 5 



CoFeB 2.5 

Cu2.8 

CoFeB 2 
Cu2.8 

CoFeB 2.5 



PdPtMn 1 5 



NiFe2 



Ta 5 



CAP LAYER 

ANT I F E RROMAGNE TIC LAYER 

PINNED LAYER 
INTERMEDIATE LAYER 
FREE LAYER 
INTERMEDIATE LAYER 
PINNED LAYER 

ANTI FERROMAGNETIC LAYER 



UNDER LAYER 




SPIN VALVE MAGNETORESI STIVE SENSOR. . . 
SEYAMA ET AL. 

Greer, Bums & Craia, Ltd. 
Ref. No. 3531. 65364 

Sheet 5 of 35 (312) 360 0080 




F I G. 6 



28- 

26- 

32- 
30- 
24- 

22- 
20- 

46- 

52- 
50- 

48- 

42- 
18- 
16- 



Ta 5 



PdPtMn 1 5 



CoFeB 1.5 



:Ru 0.8! 



CoFeB 2.5 



Cu 2.8 



CoFeB 2 



Cu 2.8 



CoFeB 2.5 



IRu 0.81 



CoFeB 1 .5 



PdPtMn 1 5 



NiFe2 



Ta 5 



CAP LAYER 

ANT I F ERROMAGNE TIC LAYER 

LAMINATED FERRI PINNED LAYER 

INTERMEDIATE LAYER 
FREE LAYER 

INTERMEDIATE LAYER 

LAMINATED FERRI PINNED LAYER 

ANTIFERROMAGNETIC LAYER 
UNDER LAYER 



SPIN VALVE MAGNETO RE S I ST I VE SENSOR. . - 
SKY AHA ET AL . 

Greer, Burns & Crain, Ltd. 
Ref. No. 3531. 65364 
heet 6 of 35 (312) 360 0080 




F I G. 7 



28- 

26- 

40- 
30- 
38- 

36" 
34- 

58- 

56- 
50- 
54- 

42- 

18- 
16- 



Ta 5 



PdPtMn 1 5 



CoFeB 4 



IRu 0.8: 



CoFeB 5 



Cu 5 



CoFeB 2~T2 



Cu 5 



CoFeB 5 



IRu 0.81 



CoFeB 4 



PdPtMn 1 5 



NiFe 2 



Ta 5 



CAP LAYER 



ANTI FERROMAGNETIC LAYER 



LAMINATED FERRI PINNED LAYER 



INTERMEDIATE LAYER 



FREE LAYER 



INTERMEDIATE LAYER 



LAMINATED FERRI PINNED LAYER 



ANTIFERROMAGNETIC LAYER 



UNDER LAYER 




SPIN VALVE MAGNETO RES I STIVE SENSOR. ■ • 
SBYAMA BT AL. 

Greer, Bums & Crain, Ltd. 
Ref. No. 3531. 65364 

Sheet 7 of 35 (312) 360 0080 




FIG. 8 



28 

26- 

40- 
SO- 
BS- 

36- 

64- 
62- 
60- 

58' 

56- 
50- 
54- 

42^ 

18- 
16- 



Ta 5 



PdPtMn 1 5 



CoFeB 4 



CoFeB 5 



Cu 5 



CoFeB 2 



NiFe3 



CoFeB 2 



Cu 5 



CoFeB 5 



CoFeB 4 



IRu 0.81 



:ru o.8i 



PdPtMn 1 5 



NiFe2 



Ta 5 



CAP LAYER 



ANT I FERROMAGNETIC LAYER 



LAMINATED FERRI PINNED LAYER 



INTERMEDIATE LAYER 



FREE LAYER 



INTERMEDIATE LAYER 



LAMINATED FERRI PINNED LAYER 



ANT I FERROMAGNE TIC LAYER 



UNDER LAYER 



F I G. 9 



13 



i LI 

IS 



28- 

26- 

40- 
30- 
38- 

36- 

74- 
72' 

70- 

68" 
66- 

58- 

56- 
50- 
54- 

42- 

18- 
16- 



Ta 5 



PdPtMn 1 5 



CoFeB 4 



CoFeB 5 



Cu 5 



CoFeB 3 



CoFeB 6 



CoFeB 3 



Cu 5 



CoFeB 5 



CoFeB 4 



PdPtMn 1 5 



NiFe 2 



Ta 5 



IRu 0.81 



:ru 0.8: 



IRu 0.81 



IRu 0.81 



CAP LAYER 



ANT I FE RROMAGNE TIC LAYER 



LAMINATED FERRI PINNED LAYER 



INTERMEDIATE LAYER 



LAMINATED FERRI FREE LAYER 



INTERMEDIATE LAYER 



LAMINATED FERRI PINNED LAYER 



ANTI FERROMAGNETIC LAYER 



UNDER LAYER 



m 



SPIN VALVE MAGNETO RES 2 STIVE SENSOR. - - 
SEYAMA ET AL . 

Greer, Bums & Crain, Ltd. 
:ef. No. 3531. 65364 

iheet 9 of 35 (312) 360 0080 




FIG. 1 0 A 



FIG. 1 0 A 1 





FIG. 1 0 B 



FIG. 1 OB' 



i U 



76 




8 



6 

-4 




FIG. 10C FIG. 10C f 



FIG. 1 0 D 



FIG. 1 0 D' 





FIG. 1 0 E 



FIG. 1 OE 1 



5 : = 

lZ3 





FIG. 1 OF 



FIG. 1 OF' 



8 



78 




m 



SPIN VALVE MAGNETORESISTIVE SENSOR. . . 
SEYAHA ET AL . 

Greer, Burns & Crain, Ltd. 
t Ref. No. 3531. 65364 
inset XI of 35 (312) 360 0080 




FIG. 1 0 G FIG. 10G' 




FIG. 10H FIG. 1 OH' 




F I G. 1 0 I FIG. 1 0 I 1 



82 





SPIN VALVE MAGNETO RESISTIVE SENSOR. - • 
SEYAHA ET AL . 

Greer, Bums & Crain, Ltd. 
Ret. No. 3531- 65364 

Sheet 12 of 35 (312) 360 0080 




FIG. 1 0 J 



FIG. 1 0 J ' 



8. 



80 



82 





m 6 



i f f T 




FIG. 1 0 K 



FIG. 1 OK' 




1 1 









s 







— 2 
80 



FIG. 1 0 L 



FIG. 1 0 L' 





84 




SPIN VALVE MAGNETORE SI STIVE SENSOR. . . 
SEYAMA ET AL. 

Greer, Burns & Crain, Ltd. 
Ref. No. 3531. 65364 

Sheet 13 of 35 (312) 360 0080 




FIG. 1 0 M 



FIG. 10 



86 




5= : 



in 



FIG. ION 



FIG. 10 



(3 




BllSllillr 4 
1 




FIG. 1 OP FIG. 10 




SPIN VALVE MAGNETORESISTIVE SENSOR. 
SBYAMA ET AL . 

Greer, Burns & Crain, Ltd. 
Ref. No. 3531- 65364 

Sheet 14 of 35 (312) 360 008 



FIG. 11 



: 0 








: \n° 




To 




: \ y= 


A/x REGRESSION CURVE 


: ° 0 




: o § 




i i i i i i i i 


o — rs 



0.1 



10 



GMR SIZE (Mm 2 ) 



J 



FIG. 12 



SINGLE SV DUAL SV 
V 



4 rr 



=1 I I | I 1 I | I I I | I M | i i i | i i i 



3 E 



a 

a 2 

0 



< i = 



0 



-+ 



EH 



(a) (b) (c) (d) (e) (f) 



(a) : CIP OPTIMUM LAYER THICKNESS 

(b) : LAMINATED FERRI 

(c) : INCREASED THICKNESSES OF PINNED LAYER 

AND INTERMEDIATE LAYER 

(d) : CIP OPTIMUM LAYER THICKNESS 

(e) : LAMINATED FERRI 

(f) : INCREASED THICKNESSES OF PINNED LAYER 

AND INTERMEDIATE LAYER 



SPIN VALVE MAGNETO RESISTIVE SENSOR. . 
SEYAMA ET AX.. 

Greer, Burns & Crain, Ltd. 
Ref. No. 3531. 65364 

Sheet 16 of 35 <312) 360 0 




FIG. 13 



EFT 



i — SAMPLE (g) -N 



SAMPLE ( h ) 





— -^"DUAL SV SMPLE (f) ™-+- 



^ ^„„„„„f j- T- 



..j — -,*«--"+. ^-„!ft^-4 

— i'S INGLE SV SAMPLE (c) 



i-—- t 

-«!-— 



Fl I I I I M 1 II I I I M I I I I I I I I I II. I 



0 2 4 6 8 10 12 
FREE LAYER THICKNESS (nm) 



14 



SPIN VALVE MAGNETORES I STIVE SENSOR. - 
SEYAMA ET AL. 

Greer, Burns & Grain, Ltd. 
Ref. No. 3531.65364 

Sheet 17 of 35 (312) 360 00 




FIG. 14 



112 

102. 
96- 

92' 



88a 



88 



L 



114 



110-^106 104 



94 





90 



-100 



F I G. 1 4 




116- 



—118 



SPIN VALVE MAGNETO RESISTIVE SENSOR. • 
SEYAMA ET AL. 

Greer, Burns & Crain, Ltd. 
Re£. No. 3531. 65364 

Sheet 18 of 35 (312) 360 00 




FIG. 1 5 A 



FIG. 1 5 A 1 




— 90 



*f 



92 
J. 




llJ 

Q 



FIG. 1 5 B 



96 

92- 



90 



FIG. 1 5 B 1 




FIG. 1 5 C 



96 



9 7 

-V ^ 98 



92- 1 



izzzzzr 



94 



90 



FIG. 1 5C 



96 



97 



94 



' K^H 



92 



90 



FIG. 1 5 D 



96 



98 100 




23. 



92-V:::wv:^^,-^:,v.::-,-^~ 



90 



94 



FIG. 1 5 D' 

96 




92 



90 



SPIN VALVE MAGNETO RES I STIVE SENSOR. . . 
SEYAMA ET AL. 

Greer, Bums & Croin, Ltd. 
Ref. No. 3531. 65364 

Sheet 19 of 35 (312) 360 008 




FIG. 1 5 E 



102 



96. 
92 



94 9 r 8 104 1 




.00 



222. 



90 



94^ 



FIG. 1 5E' 

96 



98 



*f ////// fff 



92 
-90 



Ill 



FIG. 1 5 F 

107 106 



102 



98 



1 9 4 1 00 



96 



92-? 



- 94-^/^5^ 


- ft ■ 











90 




FIG. 1 5 G 



107 106 
1 02 y*T-7K98 



1 9 4 100 




FIG. 1 5 G 1 

107 

96 108 J)_^i06 108 



94, 



V \ / — i — \ 1 uo >vo 



92 
-90 



SPIN VALVE MA GNBTO RESISTIVE SENSOR. 
SEYAMA ET AL . 

Greer, Burns & Crain, Ltd. 
Ref. No. 3531. 65364 
Sheet 20 of 35 (312) 360 00 




FIG. 1 5 H 



102 



106 



96^ 
92-fc 



FIG. 1 5 H f 

1.1 1 



110 



96 108 



94 





1 06 1 08 



98 



92 

-90 



FIG. 15 1 

112 1 \° 



102 
96x 



A IVVV 


% 


} 06 104 


■ 94^fe^~98 ill- 









-100 
-90 





r 



FIG. 1 6 A 




90 



FIG. 1 6 B 




SPIN VALVE MAGNETO RESISTIVE SENSOR. . 
SEYAKA ET AL . 

Greer, Burns 6 Croin, Ltd. 
Ref- No. 3531. 65364 

Sheet 22 of 35 (312) 360 0 




FIG. 1 7 A 



FIG. 1 7 A* 



120 
-T- 



100 



90 




90 



5~ 



FIG. 1 7B 

123 1?? 

12 o \ ;7 100 



90 



FIG. 1 7B' 



123 122 



120 r-A ->( 




90 



FIG.1 7C 



FIG. 1 7C 



120- 





SPIN VALVE MAGNBTORES ISTIVE SENSOR - 
SBYAMA ET AL . 

Greer, Burns & Crain, Ltd. 
Ref. No. 3531. 65364 

Sheet 23 of 35 (312) 360 0 



• 



FIG. 1 7 D 



FIG. 1 7 D' 



107 

102x 1 °\ 6 / ^~ \ 104 



120- 




122 



-1 00 



a 



107 

120 v/ZA 1 



22 



--90 



FIG. 1 7 E 



FIG. 1 7 E 1 




1 22 



-100 
90 



120 "F ,JffL "? 8 

1 fVVVvvj r»>>>} sjyylvv 
M22 




102 

120 



FIG. 1 7 F 



1 1 1 

^h> 110 

106s 




104 



t: 




122 



100 



90 



120 




90 



SPIN VALVE MAGNETORS SI STIVE SENSOR. ■ 
SEYAMA ET AL . 

Greer, Burns & Crain, Ltd. 
Ref. No. 3531. 65364 
Sheet 24 of 35 (312) 360 008 




FIG. 1 7 G 



FIG. 1 7 G 1 



ru 



112n 106 



110 



102 
120 



t r//i 104 

fflet£L*JL 



i 



t: 



122 



IIS 



-1 00 
90 



112 110 
V 106 



1.08 




2 

i~1 



FIG. 1 7 H 



114 



112 



102 
120 



\ 



106« yy-. 




t: 



122 



mm 




-1 00 
90 



FIG. 1 7H' 



114 



112- 

108vj 
120 









% — -no 




L 122 





1.08 



90 



SPIN VALVE MAGNETORESISTIVE SENSOR. . 
SBYAMA ET AL . 

Greer, Burns & Grain, Ltd. 
Rof. No. 3531.65364 

Sheet 25 of 35 <312> 360 00 



FIG. 18 



Ta 5 
IrMn 1 0 
NiFe 2 
CoFeB 1.5 
Cu3.5 
CoFeB 2.2 
PdPtMn 25 
NiFe 5 
Ta 5 



SPIN VALVE MAGNKTORESISTIVE SENSOR. 
SEYAMA BT AL. 

Greer, Burns fc Crain, Ltd. 
Ref. No. 3531. 65364 

Sheet 26 of 35 (312) 360 




FIG. 19 



300 



200 - 



o 




100 - 



0 



10 15 20 25 

RIE TIME (MIN) 



o 



OS- 



o 
o 

1 

Q) 

m 
o 

1 — I 

X 

W 



s ~ >k 

SPIN VALVE MAGNETO RES I STIVE SENSOR. . - 
SEYAMA ET AL . 

•Greer, Burns & Crain, Ltd. ^^^^ 
Ref. No. 3531. 65364 
Sheet 27 of 3 5 ( J^_J^__^^BL_ 



FIG. 20 



300 









V% ! 

i 

o 


OF 


cps 






o 
o 




w 


rH 




M 


X 




i— i 




==% 


ens: 


c 




Eh 

S3 


Q 


!U 






is 






i3 


W 


M 










RIE TIME (MIN) 



'SPIN VALVE MAGNETORESI STIVE SENSOR. . . 
SKYAMA BT AL. 

Greer, Bums 6 Crain, Ltd. 

• Ref. No. 3531. 65364 
Sheet 28 of 35 (312) 360 °<|^^^ 



FIG. 21 



700 
600 
500 
400 
300 
200 
100 
0 



IrMnfcc(lll) 



BEFORE RIE 



AFTER RIE 



30 




FREE fee (111) 

/ 



35 40 

2 6 (DEGREE) 



50 



SPIN VALVE MAGNETO RES I STIVE SENSOR. 
SEYAMA ET AL. 

Greer, Burns & Crain, Ltd. 
Ref. No. 3531. 65364 

Sheet 29 of 35 (312) 360 




FIG. 2 2B 



FIG. 2 2B' 




SPIN VALVE MAGNETO RESISTIVE SENSOR. - . 
SEYAMA ET AX, . 

Greer, Burns & Crain, Ltd. 
Ref. No. 3531. 65364 

Sheet 30 of 35 (312) 360 0 



FIG. 2 2C 



FIG. 2 2C 




162 ,-^156 




1 62 



1 52 



1 50 



FIG. 2 2D 



FIG. 2 2D' 



1 64 



1 64 




1 64 



1 64 




1 56 



1 52 



1 50 



SPIN VALVE MAGNETO RE S I ST I VB SENSOR. . 
SEYAMA BT AL. 

Greer, Bums & Crain, Ltd. 
Ref. No. 3531. 65364 
Sheet 31 of 35 (312) 360 0080 1 



FIG. 2 2E 



22E' 




22E' 



FIG. 2 2E' 

166 



154 


m 


,56 









152 



1 50 



1 56 



FIG. 2 2F 



FIG. 2 2F 



22F' 




166 




152 



1 50 



152 



SPIN VALVE KAGNETORESISTIVE SENSOR. . . 
SEYAMA ET AL. 

Greer, Burns & Crain, Ltd. 
Ref. No. 3531. 65364 

Sheet 32 of 35 <312) 360 0080 




2 2G 




22G 



FIG. 22G' 

168 




1 52 



150 



168 



FIG. 2 2H 



FIG. 2 2H 




156 170 




1 52 



150 



1 70 



SPIN VALVE MAGNETO RES I STIVE SENSOR - . 
SEYAMA ET AL . 

Greer, Burns 6 Crain, Ltd. 
Ref. No. 3531. 65364 

Sheet 33 of 35 (312) 360 0 



FIG. 2 21 



1 72 



23 




23 




\ 



FIG. 23 



1 72 




150 



FIG. 24 

1 72 




1 50 



r 



J 




F I G. 25B F I G. 25B' 




